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Lepton flavour (non) universality using B'*K”1'1" decays

no evidence of New Physics in a series of ''clean'' flavor-changing observables,
such as AF=2, b>sy but ...
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- y " Br(B2K®ee)
wioow

SM prediction very robust: Ry (SM) =1

The ''clean'' Lepton Flavor Universality ratios:
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= Explained in SM effective field theory by having C, ~ —1 instead of 0



Summary for B >DVxv
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BaBar

R(D) = 0.440 + 0.058 + 0.042
R(D") = 0.332 + 0.024 + 0.018

average

R(D)=0.340 + 0.027 + 0.013
R(D")=0.295 + 0.011 + 0.008

difference with SM predictions
is at 3o level
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higher-order FCNC allowed in SM

B(B,»u"u )=(3.65+0.23)x10°
B(B~»u'u)=(1.06+0.09)x10 "
[ Bobeth et al,

PRL 112 (2014) 1018011

B(BS->e+ e*):(8.35i0.39)><10’14
B(Bd->e+ e_):(2.39iO.14)><10_15
[ M.Beneke et al,

JHEP 10 (2019) 2321 B(By»e'e’)<11. 2><10 @ 95%CL
B(B,»e'e )<3.0x10° @ 95%CL

¢ ATLAS CMS LHCDb - Summer 2020
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Some difference with SM ~ 2.1 ¢ in direction
expected by if B»K”u"u deviations are real

Fleischer et al., JHEP 05 (2017) 156
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Expected results for R(K"™) and R(D")

\ /7 \ /7

LHCb should update soon R . (Run I +II expected reduce uncertainty by ~ 2),
RD*’ and also include R, 50 confirmation possible with Belle II 20 ab™*

Bifani et al, J.Phys.G 46 (2018) 2, 023001
030 T T I 1 1
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[Belle, arXiv:1908.01848] _ LHCb Ry,
) + + - sk + o+ g 0.20 LHCb Ry |
EEU-B_)K M M EW_B_)K e e {5 I| — LHCb R,k
g« g 5 015 1& N
E :‘:11 40 E
2 2 2 0.101 _
U Ezu A
" 10 :u.J:“ 0.05~ B
'l_' Fd :1.:_'_1 -1 -“ :.;: oA Ex %.2 5.:‘22 5.I24 5.:’25 - 5.:’!8; 53 :[;:;
M, e e M, (GeVic?) me 000 | | | | |
L 2015 2020 2025 2030 2035

Belle II aiming for 50 ab ' by 2031, so 100 x Belle data sample - ¢ ¢ ™ ¢ ¢ ¢
= room for B—tagging improvement

o More modes used for tag-side hadronic B o Good performances on Belle II predicted
than Belle, multlple classifiers beam background conditions:
# channels # channels .
N Hadronic charged B

D*/D**/D,* 18 26 ~ ey
D0/ D40 12 17 S Belle Il MC
B* 17 29 e T » without background

0 S L .
B 14 26 £ o08f e with background

Belle v1 (2004) Cut based (Vcb)

Belle v3 (2007) Cut based 0.1 0.25 0'4:_ ]
Belle NB (2011) Neurobayes 0.2 0.25 02k ]
Belle Il FEI F
e Fast BOT 0.5 0.25 ol y T %
20 30 40 50 60 70 80

purity (%)
Improvement to tagging efficiency in Belle Il 6



Lepton flavour (non) universality using B'>K”1'1" decays

Model candidates

v Effective operator from Z' exchange

v Extra U(1) symmetry with flavor dependent charge

< Models with leptoquarks

v’ Effective operator from LQ exchange

v" Yukawa interaction with LQs provide flavor violation
< Models with loop induced effective operator

v" With extended Higgs sector and/or vector like quarks/leptons

v" Flavor violation from new Yukawa interactions

b leptoquark S

Z; X d P

lf

% %

Leptoquarks are color-triplet bosons that
carry both lepton and baryon numbers

Lot of those models predict also LFV
b->sep,b»ser,...

G .Isidori, FPCP 2020: correlations among b-s(d)11' within the U(2)-based EFT
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(*) [ B.Capdevila et al,
B>K" 't< arXiv:1712.01919]

q° range for predictions for B-» Ht"t : from 4 m? (~ 12.6 GeV?) to (m, — m,)?

to avoid contributions from resonant decay greatly enhanced in NP models...
through (2S), BHy(2S), ¢(2S)>t't” - . . . .

predictions restricted to q°> 15 GeV*:

B(B>Kt 't )y, =(1.2+0.1) 107’
* 4 _ _ -7 O Ry« &R 20
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8 Br[Bs—11]
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Br = 10¢

strategy used: [BaBar, arXiv:1605.09637 |
B fully reconstructed (had tag), t" 21" v,v,
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BaBar's result with had tag: B(B'»K't't )<2.25x 10 at 90%CL

[Belle II, arXiv:1808.10567]
Ohservahles Belle 0.71ab~ " (0.12ab~1) Belle Il 5ab~' Relle - JLalgt -1

Br(Bt — K+t7+t7—) - 10° < 32 < 6.5 ‘ < 2.0 ,




R(D’)and b2spyp =>B>Ktp
Br[B')KTU]"105 _ [L.Calibbi et al, arXiv:1709.00692]
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0.2
Key Features of PS?
0.1 '_ BORDONE, CORNELLA, FUENTES-MARTIN, ISIDORI (2017), (2018)
DFE‘FEF Ed - common to all PS-type models
0. U DE ...... 1. - e TeV-scale LQ, colour-octet il ' ' T
0. I'JI'J [} 02 'U 04 ﬂ' ﬂﬁ- ﬂ Uﬂ 0.10 0.12 0.14 vector and Z’ Excluded at 90% CL
85 =E:2' @ decent fit to low-energy data (| d104
o large 7 — o LFV effects
41078
specific to PS?
@ hierarchical symmetry breaking 16
pattern relates
flavour-dependent LQ couplings -
30 T EENENPIUN BRI NPT B

to Yukawa hierarchies 10-° 10 107

e LQ coupling also to

9 right-handed fermions



LFV B>Kl1l'(l1=e, b 1:) decays

[LHCh arX1V 1909.01010]
+ + F ~ - T T T T ]
B2>K e s 4 LHCb s o LHCb ]
= i § Data 1 = C i Data .:
B(B'»K'n'e)<8.8x10°at 95%CL ° Sl 20 ||| | ey
B(B'»K'n e')<9.5x 10°at 95%CL | ’ |
& I 105
i i , ] 0 ]
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Be KT]' (\l — e g M) JJ!TK+_H_€?+} MeV/e?] ’ mi{K*ure-) [MeVicT]

strategy used: B fully reconstructed (had tag), t*»1"v,v,, (na’)nv, with n>0

using momenta of K, 1 and B, can fully determine the v four-momentum
unique system: no other neutrino than the ones from one tau (»B->tv, DPtv...)

B'— K't'u
llllll.l."”III.II.I.III*:
E I II.;:':i'\.' '.f.':_l + ]

T ] [BaBar, arXiv:1204.2852 ]

m, iGeV/c') “ ) - m, (GeV/ic™)
B(B'2K't pn')<4.5x 107> at 90%CL, B(B*'»K't'n7)<2.8 x 10"> at 90%CL
(also results for B»K"t“e”, Baxn"t u’, Bon't"e" modes)
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[LHCb, arXiv:2003.04352]
Search for the lepton favour violating decay B*»K*u t* using B, decays, B_;»B" K"
Br(K't"u )< 3.9x107° at 90%CL (provides an extra kinematic constraint)

= Belle has yet to provide a result here (potential looser & more efficient B-tagging)
= LHCDb (upgrade), Belle II will have stat for one order of magnitude improvement
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LFV B »11' decays

[LHCb, arXiv:1905.06614]

B(s)—) "|';i u$ [Run I data (3 fb ') using 3-prong t decays] i; ioz_ LHCb 3
- BDThbin4 3
Mode Limit | 90% CL | 95% CL S wF E
BY — 7+uT | Observed | 3.4 x 1077 | 4.2 x 10 E jzz E
Expected | 3.9 x 107° | 4.7 x 1075 < E :
BY 5 r+uT | Observed | 1.2 x 107° | 1.4 x 10 _ 3
Expected | 1.6 x 107 | 1.9 x 10~° z 3
s T S e
M, [GeVic?]
[CERN-LHCC-2018-027]
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< 1.
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<14% 107

sensitivity with 50 ab™
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— =507 LS4 L£=1-2% 10%mmm LS5 —+L~ 300
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< 2x 10710 <9x 1071
< 8x 10710 <3x 1071

- <3x107°

projections @95% CL



Summary

o Current anomalies suggest possible NP
= Update of LFU could show an evidence of NP already with LHCDb full run 2 data

> Belle II and LHCDb upgrade(s) will provide ''soon'' much more...
= stat @ much more precise measurements
= more observables: q°, angular distributions

o LFV searches will strongly constraints the parameters space
several BSM models
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